We use composite rheological model 1 that combines diffusion creep, dislocation creep, and a power-law stress-limiter 2 . The effective viscosity is calculated from the viscosities of individual creep mechanisms as follows:
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(1)
Here diff, disl, and y are viscosities of diffusion creep, dislocation creep, and stress-limiter respectively:
In the upper mantle we assume activation parameters based on dry olivine rheology 3 . Only diffusion creep is applied in the lower mantle, with activation parameters based on slab sinking speed analysis 4 . For meanings of symbols and parameter values, see Supplementary Table 1 .
Thermal expansivity:
Thermal expansivity decreases with depth 5,6 . We apply the formula 7,8 :
Surface value 0 and contrast over the mantle  are given in Supplementary Table 1 ; z is dimensionless depth. 
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